The aim of this research is to present the family farm income and production and its economic determinants according to the economic size of farms in the EU countries in 2004-2015. Research is based on European Farm Accountancy Data Network (FADN), which includes information about average farms according to the economic size in the EU-28. In this article an attempt is made to use the panel models to evaluate the production and economic determinants of family farm income. The Gretl program is used to evaluate fixed effect models and random effect models. The production and economic determinants of family farm income depending on the farm's size are indicated, such as: utilised agricultural area, crop and livestock production, net investment and cash flow and inputs.
INTRODUCTION
The FAO defines a family farm as 'an agricultural holding, which is managed and operated by a household and where farm labour is largely supplied by that household'. Family farms are by far the most common type of farm in the European Union (EU). There is a wide range of agricultural holdings starting from small, semi-subsistence farms with only family workers and farms, which have to rely on other activities in order to diversify sources of income, ending with larger, more productive farms, which nevertheless pursue family management (Eurostat, 2016) . The support of family income of these farms (by direct payments) remains an essential part of the Common Agricultural Policy (CAP) in line with EU Treaty obligations (European Commission, 2017) .
Taking into account abovementioned considerations, as well as the primary aim of CAP to support incomes in agriculture, the purpose of the paper is to examine the production and economic determinants of family farm income. According to the hypothesis of research, determinants affecting income vary depending on the economic size of the farm.
THEORETICAL BACKGROUND
Family farm net income results from the agriculture economic production during the operating year in which the agricultural goods are produced. It rep-
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Growth in farmers' incomes is fundamental to economic and social development and to farmers' ability to reinvest in their farms (Sustainable Food Lab, 2017) . The most commonly mentioned characteristics of family farms include the combination of home and business life. The tendency for a greater proportion of family living and farm production cost items to be raised on the farm makes the predominant role of the operator and his family in labour and management (Scoville, 1947) .
According to the household socio-economic point of view, the aim of the household is to maximize income from crop and livestock activities under certain circumstances (Nibbering and van Rheenen, 1998) . Farming is a risky business because forces beyond the control of farmers, such as weather, affect their income. Therefore, farm income stability has been one of the goals of agricultural policies both in the US and the EU (Severini et al., 2016) 2 , as well as the farms' income 3 . Making a satisfactory income and safeguarding it for the future are the mains goals of farmers (Gasson, 1973; Cary and Holmes, 1982; Berbel and Rodriguez-Ocaña, 1998; Solano et al., 2001) .
It should be emphasized that there is a great divergence in the incomes of farmers obtained even in almost identical farms. No size of farm is large enough to ensure a profit. Therefore, some level of management must be specified in an 'adequate income' concept. Proper size of family farms according to any income concept would vary with changes in prices and costs (Scoville, 1947) .
The structure of the paper takes into account abovementioned considerations as well as the main research. Therefore, section 3 gives the methodological background of the research. Section 4 presents the results of the econometric analysis. Section 5 concludes.
MATERIALS AND METHODS
Research is based on the data obtained from Farm Accountancy Data Network (FADN), because only the professional farms (i.e. the farms which are large enough to provide a main activity for the farmer and a level of income sufficient to support his or her family) are included in FADN. The FADN has developed a detailed methodology for calculating the family farm income (Fig. 1) . The FADN data enable a detailed presentation and analysis of the production and economic determinants of the family farm income (FADN 2018) .
These data include basic information about economic situation of ca 1680 production types according to the economic size in the EU in the years 2004-2015 4 . FADN data has a character of the panel 2 The long tradition of widespread support for farm income is unique in agriculture as compared to other sectors (Frawley et al., 2000) . Income policy has a number of different purposes, namely: forming desired income relations, shaping the level of income, stabilising income over time, i.e. mitigating fluctuations in income from year to year and reducing income inequalities between different agricultural population groups. Changes in agricultural income are mainly due to fluctuations in agricultural production, which depend on natural (mainly weather factors) and economic factors. The effects of fluctuations in production on income may be offset by changes in prices and compensation under the production risk insurance (Pawłowska-Tyszko, 2014). 3 Farmers are continuously making decisions concerning how they allocate their resources of land, labour, capital and entrepreneurial ability. Such behaviour is motivated by the desire to maximise levels of satisfaction or utility. Most studies that have modelled farmer decision-making have, however, assumed a single objective of profit maximisation as the motivation for decision-making behaviour. Therefore, a farmer may be interested in increasing gross margin, reducing indebtedness, avoiding risk, expanding the business, improving family living standard, achieving sufficient leisure time, etc., but not necessarily in that order (Wallace and Moss, 2002) . 4 The economic size of farms is one of the criteria used to classify agricultural holdings according to the Community typology for agricultural holdings. In line with Commission Regulation (EC) No 1242/2008, the economic size of an agricultural holding is measured as the total Standard Output (SO) of the holding expressed in euro. The Standard Output is the average monetary value of the agricultural output at farm-gate price of each agricultural product (crop or livestock) in a given data 5 . A particular production type according to the economic size is an aggregate unit. This average volume is calculated on the basis of many individual farms with the same production direction and economic size in each country in the EU. A whole database consists of 28 countries 6 . Next, the most general formulation of a panel data model may be expressed by the following equation (Baltagi, 2005) :
with i (i = 1, ..., N) denoting individuals, t (t = 1, ..., T) denoting time periods, and X' i,t denoting the observation of K explanatory variables in country i and time t. It should be noted that α i is time invariant and accounts for any individual-specific effect not included in the regression equation. Two different interpretations may be given to the α i , and, consequently, two different basic models may be distinguished. If the α i 's are assumed to be fixed parameters to be estimated the model expressed in the equation (1) region. According to the Farm Accountancy Data Network, the Standard Output is calculated by Member States per hectare or per head of livestock, by using basic data for a reference period of 5 successive years. Among 6 classes of economic size, some further subclasses of farms can be distinguished: from EUR 2,000 to 8,000 -very small farms, from EUR 8,000 to 25,000 -small farms, from EUR 25,000 to 50,000 -medium-low farms, from EUR 50,000 to 100,000 -medium-large farms, from EUR 100,000 to 500,000 -large farms, and above EUR 500,000 -very large farms. 5 A panel data (or longitudinal data) set consists of a time series for each cross-sectional member in the data set over a time period. Panel data can also be collected on geographical units (Wooldridge, 2013) . Panel data models allow us to construct and test more complicated behavioural models than purely cross-section or time-series data (Baltagi, 2005). 6 The Farm Accountancy Data Network website http://ec.europa.eu/agriculture/rica [Accessed 05.05.2018] . 7 Fixed Effect Model is particularly indicated when the regression analysis is limited to a precise set of individuals, firms or regions; random effect, instead, is an appropriate specification if we are drawing a certain number of individuals randomly from a large population of reference (Arbia and Piras, 2005) . 8 The idea is that one uses the random effects estimates unless the Hausman test rejects. In practice, a failure to reject means either that the RE and FE estimates are sufficiently close so that it does not matter which one is used, or the sampling variation is so large in the FE estimates that one cannot conclude practically significant differences are statistically significant (Wooldridge, 2013) .
Also, the Variance Inflation Factors (VIF) is used to measure how much the variance of the estimated coefficients is increased over the case of no correlation among the independent variables. If VIF = 0 there is no multicollinearity, but if VIF ≥ 0 there is multicollinearity (Ergün and Göksu, 2013) . If the value of VIF test of variable exceeds 10.0, then there is evidence of a collinearity problem (Adkins, 2014).
RESULTS AND DISCUSSION
The first stage of empirical research is to present a family farm net income and chosen economic characteristics according to the economic size of farms in 2004 and 2015 (Table 1 ). In 2015, the average family farm net income in the EU-28 was equal to EUR 17.5 thousands from 34 ha, EUR 72.0 thousands of output and about EUR 339 thousands of assets. In the same time, the average liabilities of farm was equal to EUR 54.5 thousands and total obtained subsidies to about EUR 11.7 thousands. As compared to 2004, the output and assets increased about 20% and liabilities about 30%. The subsidies have increased only by 5%. Meanwhile, income, area and the labour input has slightly decreased. The larger the economic size of the farm was, the higher value was derived by income and other variables. For example, in 2015 the smallest farms achieved only EUR 2 thousands of income, EUR 6 thousands of output and about EUR 40 thousands of assets at the area of 4.5 ha. While the largest farms reached about EUR 150 thousands of income, EUR 1.1 million of output and almost 1 million EUR of assets at the area of the 292 ha (Table 1) .
The main target of research is to obtain the model that characterizes production and economic determinants of the family farm income according to the economic size of farm. In order to specify the model, a set of variables presented in Table 2 is used. Using Remuneration to fixed factors of production of the farm (work, land and capital) and remuneration to the entrepreneurs risks (loss/profit) in the accounting year (EUR thous.).
X01

Total utilised agricultural area
It consists of land in owner occupation, rented land and land in sharecropping (remuneration linked to output from land made available). It includes agricultural land temporarily not under cultivation for agricultural reasons or being withdrawn from production as part of agricultural policy measures. Does not include areas used for mushrooms, land rented for less than one year on an occasional basis, woodland and other farm areas, e.g. roads, ponds, non-farmed areas (ha).
X02
Total labour input Is expressed in annual work unit -full-time person equivalent (AWU).
X03
Unpaid labour input Refers generally to family labour and is expressed in the family work unit -family AWU (FWU).
X04
Total output crops and crop production Is equal to: sales + farm use + farmhouse consumption + (closing valuation -opening valuation) (EUR thous.).
X05
Total output livestock and livestock products Is equal to: livestock production + change in livestock value + animal products (EUR thous.).
X06 Taxes
Farm taxes and other dues (not including VAT and the personal taxes of the holder) and taxes and other charges on land and buildings (EUR thous.).
X07
Total inputs
Is equal to: specific costs + overheads + depreciation + external factors. Costs linked to the agricultural activity of the holder and related to the output of the accounting year without the personal taxes of the holder (EUR thous.).
X08
Balance current subsidies and taxes Is equal to: farm subsidies + VAT balance on current operations -farm taxes (EUR thous.).
X09
Balance subsidies and taxes on investments Is equal to: subsidies on investments + premiums for the cessation of dairy farming -VAT paid on investments (EUR thous.).
X10
Total fixed assets Agricultural land and farm buildings and forest capital + buildings + machinery and equipment + breeding livestock (EUR thous.).
X11
Total current assets Non-breeding livestock + circulating capital (stocks of agricultural products + other circulating capital) (EUR thous.).
X12
Total liabilities
Value at closing valuation of total of (long-, medium-or short-term) loans still to be repaid (EUR thous.).
X13
Equity Total assets without the liabilities (EUR thous.).
X14
Gross investment Is equal to: purchases -sales of fixed assets + breeding livestock change of valuation (EUR thous.).
X15
Net investment Gross investment without the depreciation (EUR thous.).
X16
Cash flow Is equal to: receipts -expenditure for the accounting year, not taking into account operations on capital and on debts and loans (EUR thous. The influence of independent variables on a family farm income is the strongest among the smallest farms. In this class of farms, the highest impact on the family income is exerted by the type of production and the amount of costs, and the lowest -by net investments. However, in the group of very large farms, the importance of the type of production is lower than the cash flow, and the area is irrelevant (Table 3) . Therefore, obtained results allow to reject the hypothesis of research, according to which determinants affecting income were vary depending on the economic size of the farm.
CONCLUSIONS
Family farm income is a remuneration to work, land and capital of the farm and remuneration to the entrepreneurs' risks. The larger the economic size of the farm, the higher are the values of farms' income and area, output, assets, liabilities, etc.
On the basis of panel models, the article presents the family farm incomes and their economic and production determinants, such as: agricultural area, crop and livestock output, inputs, net investment and cash flow. The preliminary hypothesis of research, that determinants affecting income were vary depending on the economic size of the farm, may be rejected. Instead, one can observe that incomes in very small farms are highly dependent on the values statistically significant independent variables, and in very large farms the cash flow is the most important determinant of the income level.
